Determination of H+/e ratios in mitochondrial yeast cytochrome c oxidase  by Maréchal, Amandine et al.
References
[1] S. Le Laz, A. Kpebe, M. Bauzan, S. Lignon, M. Rousset and M.
Brugna, PLoS One 9 (2014) e86343.
[2] G. Zhou, J. Yin, H. Chen, Y. Hua, L. Sun and H. Gao, Isme J 7 (2013)
1752–63.
[3] T. Kawakami, M. Kuroki, M. Ishii, Y. Igarashi and H. Arai, Environ
Microbiol 12 (2010) 1399–412.
doi:10.1016/j.bbabio.2014.05.175
S9.P12
Determination of H+/e ratios in mitochondrial yeast cytochrome
c oxidase
Amandine Maréchala, Francis Harauxb, Brigitte Meunierc,
Peter R. Richa
aUniversity College London, UK
bUMR 8221, CNRS, CEA, Université Paris-Sud, France
cCentre de Génétique Moléculaire, CNRS, France
E-mail: a.marechal@ucl.ac.uk
Cytochrome c oxidase (CcO) is the terminal enzyme of the human
respiratory chain. It reduces the oxygen we breathe into water and
conserves the free energy of the reaction in the essential proton
gradient that drives ATP synthesis by the ATP synthase. The oxygen
chemistry reaction of CcO is fairly well understood but the way it
is coupled to the energy-requiring proton transfers remains to be
elucidated [1]. Two hydrophilic pathways have been identiﬁed from
the available crystal structures as potential routes for pumped pro-
tons, namely the D- and the H-pathway. Mutagenesis studies on
chimeric mammalian forms of the enzyme have suggested that the H-
pathway is the pathway for pumped protons in bovine mitochondrial
CcO whereas mutagenesis studies of bacterial CcOs indicate that only
the D pathway fulﬁls this role. We have developed yeast Saccharomy-
ces cerevisiae as a model system to investigate the pumping mecha-
nism of an additional mitochondrial CcO. As both its nuclear and
mitochondrial genomes are amenable by mutagenesis, mutations can
be made in any part of the CcO structure to assess its function [2].
Mutations in both the D- and the H-pathway of the yeast enzyme lead
to respiratory growth deﬁciency [3]. We will present H+/e ratio
measurements based on ADP/O ratios of intact, coupled mitochondria
prepared from a series of mutants of the D- and the H-pathway. The
results will be discussed in terms of pumping mechanism and of
function of hydrophilic channels in all forms of oxidases.
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Terminal oxidases couple the reduction of oxygen to the transloca-
tion of protons across themembrane. This proton translocation is driven
by electron transfer to the catalytic site which is a binuclear center
composed of a heme and a copper center. As the properties of enzymes
can vary depending on the environment where they grow, organisms
can express different types of terminal oxidases which can exhibit
different pH dependence as well as different thermostability [1]. This
family of proteins can also be divided into three subfamilies named A, B
and C depending on their ﬁrst electron acceptor, their number of proton
pathways or their relative oxygen afﬁnity [2]. Protein ﬁlm voltammetry
is a powerful technique to study electrochemical and catalytic properties
of redox enzymes [3]. However, it is difﬁcult to immobilize a large
amount ofmembrane proteins on anelectrode surface. To overcome this
problem, we proposed to use a three-dimensional gold nanoparticle
network that is known to mediate the long-range electron transfer
between the cofactors and the electrode [4]. We report here on the
temperature- and pH- dependent electrocatalytic properties of different
types of terminal oxidases. Complementary studies by infrared spectros-
copy allow us to discuss about the differences observed in the secondary
structures at different temperatures and to link them to the previously
observed electrocatalytic properties. Clear differences can be observed
between the different subfamilies of oxidases.
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Capturing sunlight and converting it to chemical energy is a central
process in nature. The complexity and the number of proteins taking
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